On the Experimental Production of Xanthomas in Laboratory Animals11From the Dermatologie Clinic, University of Zürich, Switzerland. Director: Prof. G. Miescher.  by Schaaf, Fritz & Baer, Translated by Rudolf L.
ON THE EXPERIMENTAL PRODUCTION OF XAN-
THOMAS IN LABORATORY ANIMALS
FRITZ SCHAAF, Pn.D.
(Submitted September 17, 1937)
[Translated by Rudolf L. Baer, M.D. (New York City)]
INTRODUCTION
The clarification of those changes which are of primary sig-
nificance in the origin of a disease, particularly in metabolic dis-
turbances, often requires the cooperation of several branches of
natural science. The study of the pathogenesis of xanthomas
offers a pertinent illustration of this fact. The combination of
clinical, chemical, particularly colloid-chemical, investigations
and view-points has made it possible to present a picture of the
origin of xanthomas. Even though not yet complete, this
composite picture nevertheless already presents a considerable
clarification of those underlying conditions which eventually lead
to the pathologic changes which the dermatologists very fre-
quently encounter. Further experimentation along these given
lines should bring the solution of the problem even closer.
It is probable that Quinquaud (1878) was the first to express
the idea that the cholesterol content of the blood is a significant
factor in the origin of xanthomas. The essential points in this
theory were supported by Pinkus and Pick (1908) in their obser-
vation that xanthomatous deposits are rich in cholesterol esters.
These esters may have originated in the blood which manifested
an abnormally increased cholesterol content, based upon the
concomitant icterus. Two etiologically important factors are
thus indicated: icterus in conjunction with hepatic disturbance;
and hypercholesterolemia.
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On the basis of these observations, the attempt was made to
solve the problem by exhaustive study of the patient on the one
hand, and on the other hand by studies of the cholesterol metab-
olism (determination of the total cholesterol content of the blood)
or by animal experiment. It soon became evident that the
pathogenesis of xanthomas could not be explained by so simple a
formula. In the first place, the appearance of xanthomas did not
necessarily imply the presence of an icterus. For example
xanthomas could also be observed in cases of diabetes mellitus,
kidney diseases, etc. And frequently xanthomatous changes
(which are not necessarily limited to the skin alone) occurred
without any of these accompanying diseases, just as these particu-
lar organic diseases of other organs were not necessarily accom-
panied by the development of xanthomas. In the second place, a
blood analysis in some cases yielded a normal, or even a decreased,
instead of aTi increased cholesterol content. Hypercholesterolemia
thus lost some of its significance as a pathogenetic factor; the
more so, since in hypercholesterolemia due to physiologic causes
(e.g. in pregnancy) xanthomas do not as a rule occur. It seemed
likely therefore that Pinkus and Pick had correctly interpreted a
particular case, but that this case could not be accepted as having
greater general significance.
This lead to a search for new factors which might be of impor-
tance in the pathogenesis of xanthomas. The necessity of acquir-
ing further knowledge in this field led to the observation that
xanthomatous changes of the skin favored particular sites (eye-
lids, elbows, buttocks, etc.) and that they showed preference for
mechanically traumatized areas and newly-formed scar tissue, as
well as for otherwise pathologically changed skin areas (herpes
zoster, lichen Vidal, urticaria pigmentosa, etc.). The pathogenesis
of xanthomas, however, was thus once again as unexplained as
before. Apparently, more complicated conditions had to be ful-
filled; conditions which could not be detected with the methods
then in use.
Various investigators attempted to comprehend these changes
and to create a theory of the origin of xanthomas which was in
accordance with all the established facts in actual cases; to name
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only a few, Aschoff, Lubarsch, Arzt, Siemens, Schmidt, Urbach,
Adlersberg, Hermann and Nathan, and Wile, ought to be men-
tioned. All succeeded in bringing new facts to light, but none
of the new theories proved entirely satisfactory. This may have
been due to the fact that often too .much emphasis was placed
upon a single relevant factor, even though this factor could not be
completely defined, and that this led to the neglect of other
equally important factors. This was especially true of those
theories which paid but little attention to the hypercholestero-
lemia, or speaking generally, to the disturbance in cholesterol
metabolism, and tended to over-emphasize the local predisposing
factors. It is not surprising that for some time almost contra-
dictory conceptions on this matter had existed and that different
and various pathogenetic mechanisms had been thought of to
explain the varying clinical findings. However, even though
this latter possibility cannot be definitely denied, it can be said
that at present no evidence exists which forces one to abandon
the unitarian viewpoint.
The following review of the most important theories on the
pathogenesis of xanthomas is intended to show which of the
previous theories have contributed relevant facts, and to make
evident where scientific investigation has left gaps. This review
will make clear that it is still first necessary to gather as many
observations as possible; and to begin synthesizing only after all
existing possibilities for investigation have been exhausted.
Even then the possibility of later broadening the whole basis of
consideration must always be kept in mind. Our own investiga-
tions, which shall be described later, should also be considered
from this viewpoint of permitting subsequent amplification and
expansion.
EARLIER THEORIES
Aschoff (1910) and his school supplemented the conception of Pinkus and Pick
by postulating a second factor (local irritation). Cases without hypercholes-
terolemia were not taken into account. Lubarsch (1918) also went no further;
according to his theory a general metabolic disturbance (the basic prerequisite)
led to an inundation of the body fluids with products occurring during decomposi-
tion of lipoid substances. The accumulation of these products in the lymph
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channels (slowing down of the flow of lymph) produced proliferation of the
lymph-vessel endothelium and of the connectiv'e tissue cells (foreign-body irrita-
tion due to fats), resulting in a loading of these tissue elements with lipoid ma-
terial. The observation of definite predilection sites was thus more clearly
understood. In the light of this theory, it seemed most plausible that xanthomas,
in the presence of the necessary primary metabulic disturbance, should be ob-
served in those places where, due to folds and curves, the flow of the body fluids
is retarded even under normal conditions.
Arzt (1919) was the first to express the idea that hypercholesterolemia need not
be an essential prerequisite in the development of xanthomas. However, the
chemical-analytic studies which led him to this conclusion still lacked the
desirable clarity. Nevertheless the idea that hypercholesterolemia was necessary
in the origin of xanthomas thus became undermined. Siemens (1921) then pro-
posed the idea of qualitative regional pathological changes, in place of the previ-
ously accepted idea of existing quantitative metabolic disturbances, which, with
or without a second genetic factor, were thought to permit the formation of
xanthomas. In this theory the etiologically important factor, as represented by
a new cell property (special receptors for cholesterol-esters), became the central
point, and it was thought that this property would enable the cell, even at a
normal blood cholesterol level, to accept a deposition of cholesterol-esters and
thus to form xanthomas.
This theory appeared quite tempting because it offered the possibility of ex-
plaining all the varied forms of clinical manifestations. However, as our own
experiments have shown, the coining of hypothetical concepts, such as "special
receptors for cholesterol-esters", is not necessary as long as pathologic changes
of the blood fats and lipoids can be analytically and accurately demonstrated
even in cases of xanthomatosis without hypercholesterolemia; these changes
make it probable that in these cases too one is dealing with the existence of
disturbances in fat metabolism.
Schmidt (1922) again considered hypercbolesteroleniia more important, but
according to his opinion it was not necessary for this state to be a permanent one,
a conception which is confirmed experimentally, provided one takes into con-
sideration not only the total cholesterol content of the blood, but also a
fundamental disturbance in lipoid metabOlism (which can include hypercholes-
terolemia). Urbach (1923) again laid greater stress on the second factor.
According to this investigator, even in the absence of hypercholesterolemia,
cholesterol is liberated through cell decomposition when local influences (lymph
stasis, skin damage, etc.) produce conditions favorable for the development of
xanthomas and these local cholesterol deposits suffice for the production of
xanthomas in such areas. The disturbance of normal cell function through
particular stimuli must thereby facilitate the cells' or tissues' capacity for absorp-
tion of cholesterol.
This problem was studied from new viewpoints by Adlersberg (1924)—"Influ-
ence of bile acids (and other substances influencing surface tension) upon choles-
terol metabolism"—as well as by Hermann and Nathan (1926). These authors
reverted to the older conception in placing emphasis upon metabolic disturbances.
Hermann and Nathan, however, maintained that a metabolic disturbance already
existed if the change in blood cholesterol content differed from the norm not
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quantitatively but only physico-chemically. Not the absolute cholesterol con-
centration, but the colloidal state of these lipoid substances, i.e. the stability
of the cholesterol-albumen formation seemed important to these last named
investigators. They could demonstrate experimentally, in the serum of their
cases of xanthomas, a reduction in the protective colloidal effect upon cholesterol.
This effect was attributable to protein or to a protein fraction. The reduction
of the protective colloidal effect was manifested by a diminution of the stability
of the cholesterol coapounds in solution or suspension in the serum. According
to the view of these authors, if this prerequisite was fulfilled, an additional
occurrence of predisposing or releasing factors sufficed for the formation of
xanthonias. This concept did not lead to a completely satisfactory theory of
the pathogenesis of xanthomas, perhaps because its experimental basis was not
sufficiently convincing; perhaps also because only the cholesterol and no other
lipoids received consideration.
Wile (1929) among others, recognized this fact, and it is to his credit to have
brought investigations on xanthomas a substantial step forward by studies which
included not only blood cholesterol, but also the entire fat metabolism. But in
these studies, greater significance was attributed to the total fat content of the
blood than to the cholesterol content, and at the same time, the other fractions
of the blood lipoids and fats were not taken into account. This theory, therefore,
lost some of its possibilities for further development. Through these investiga-
tions, however, emphasis was once again definitely placed upon the disturbance
in fat metabolism.
NEW THEORIES
Schaaf (1930) set himself the task of analyzing the composition
of the serum fats and lipoids in xanthomatoses in more detail
than had previous'y been the case. This author's results, in
connection with already known and well-founded previous obser-
vations, led to a presentation of the theory of the pathogenesis
of xanthomas, which permitted inclusion of the seemingly most
divergent facts. In this theory, metabolic disturbance was
accorded prime importance, while locally active factors were
considered of secondary significance. It was found that the loss
of a particular function of the liver was of primary importance in
the development of the metabolic disturbance. It has not yet
been investigated whether other, perhaps endocrine factors,
could play a role here, as has been previously postulated. The
metabolic disturbance does not necessarily have to lead to an
extreme accumulation of some particular fat substances, but it
produces in every case a change in the relative concentration
between the various serum-fat and -lipoid constituents. It is
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stated that this quantitative change in individual constituents
or this qualitative change in the ratio of the serum fats and lipoids
influences the state of dispersion of the colloidal solution of fat
in serum in a characteristic fashion.
The colloidal dispersion of fat in water (or in serum) requires
the presence of particular substances, which mediate suspension
(solution), the so-called emulsifying agents. The proteins, the
monovalent and bivalent salts of fatty acids, cholesterol and its
esters, as well as the phosphatides, may all act as such emulsifying
agents. It was experimentally proven by Spranger that a f at-in-
water emulsion possesses a distinct stability, only if the concen-
trations of emulsifying agents (as hydrophobe and hydrophile
colloids they have a partly antagonistic effect) are present in a
definite ratio to each other; i.e., only under these given conditions
can the fat droplets remain in the finest state of dispersion pos-
sible. Every variation in the ratios of the emulsifying agents,
be it in any direction whatsoever, effects a change in the disper-
sion of fat; the fat droplets become bigger, the stability of the
emulsion suffers, i.e., the separation into both phases, fat and
water, takes place more easily; in other words the readiness with
which the fat separates becomes greater. Relatively insignificant
active forces (i.e., changes in ionic concentrations), acting upon
substances in a colloidal state, can under certain conditions bring
about a separation of fat and water, i.e., a breaking down of the
emulsion. This breaking down of the emulsion occurs even
without such additional factors if the proportions between
emulsifying agents are very markedly changed. It was experi-
mentally shown that particularly cholesterol and cholesterol
esters—and in addition also the phosphatides—play an important
role in the emulsification of fat in water.
In a Ringer's solution containing proteins in quantities corre-
sponding to those in the blood serum, optimal distribution of
neutral fat in the presence of cholesterol and cholesterol esters
takes place only if this mixture of emulsifying agents contains
60% cholesterol esters. This holds true when the total quantity
coincides with physiological conditions in the serum.
If one transfers these facts to a consideration of conditions in
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normal human serum, which constitutes a stable fat emulsion (no
separation), one should expect that here too definite concentra-
tions of emulsifying agents must be preserved. It is well known
that in normal blood serum 60—70% of the total cholesterol is
present in the form of cholesterol esters. This fact stands in
most striking agreement with the optimal concentrations of these
two emulsifying agents for the emulsification of fat in water as
experimentally demonstrated. Furthermore, numerous examina-
tions of the fasting sera of healthy individuals without metabolic
disturbance have shown that the concentration of phosphatides
also follows similar laws. If one takes the proportions
mg.% combined cholesterol
— A
mg.% free cholesterol
mg.% phosphatide-P X molecular weight of cholesterol = B
mg.% free cholesterol X atomic weight of P
mg.% combined cholesterol X atomic weight of P
=
A
—
mg.% phosphatide-P X molecular weight of cholesterol B
one finds within certain small individual variations an average
value of about 1 for C; and for A and B, an average value of
approximately 2. This result is striking and further considera-
tions will show whether or not it actually reveals an important
function in fat metabolism.
It is well known that the concentration of neutral fats in the
blood serum is subject to many varying fluctuations (e.g., inges-
tion of food, hyperlipernia during pregnancy). If it is true that
the stable emulsification of fats is dependent upon a definite
ratio between the emulsifying agents, one should expect that
even under such particular conditions the proportional figures as
found for the normal serum ought to be maintained for individual
pairs of emulsifying agents. As long as there are no qualitative
changes in the ratio, quantitative changes of the individual fats
and lipoids may then occur without causing any damage.
It is well known from earlier investigations that after ingestion
of a particular lipoid-constituent there is not merely an increase
of this particular constituent's concentration in the blood serum,
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but that this increase at the same time includes also the other
serum fat-constituents. This finding is corroborated by the
results of the tolerance test, i.e., the ingestion of rather large
quantities of neutral fat and cholesterol in individuals with meta-
bolic disturbances. During the resorption period this increase
includes not only the concentrations of the neutral fat and
cholesterol fractions, but also the concentrations of the phospha-
tides and cholesterol-esters. The ratio of the individual pairs of
emulsifying agents remains almost unchanged in every state of
resorption (if one considers the individual range in variation) and
is similar to the ratio in the fasting serum of individuals with
normal metabolism. This holds true even when the absolute
concentrations of the serum lipoid fractions have reached their
maximum. In the following we shall, for purposes of simplifica-
tion and comparison, consider only the ratio C, which, as shown
above, indicates the ratio of the two lipoid fractions; combined
cholesterol and phosphatide-P (phosphorous). This ratio C
equals 1.09 in fasting serum; 4 hours after ingestion of a tolerance
test meal consisting of 100 grams olive oil and 5 grams cholesterol
the ratio C equals 0.97; 8 hours later C equals 0.84 and 24 hours
later (again as determined in the fasting serum) C equals 1.01.
From these figures one can deduce the fundamental fact that
by means of some regulatory mechanism an individual with a normal
metabolism is able to adapt the concentrations of the fat emulsifying
agents to the quantity of ingested fat in such a manner that a definite
constant ratio between emulsifying agents is preserved under all cir-
cumstances. This conservation of a constant ratio has a logical
significance only if this ratio fulfills a definite and important
function. In view of Spranger's investigations it seems plausible
to seek this function in the production and preservation of a stable
emulsion, i.e., in the optimal (most minute) dispersion of the fat
which is being transported in the serum.
If in this discussion attention has been paid only to free cho-
lesterol, combined cholesterol and phosphatides, and not to the
other emulsifying agents, such as albumin, globulin or the monova-
lent and bivalent soaps, this does not mean that these last named
agents are of no significance. However, for easily comprehensible
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reasons, albumin and globulin can be dlsregarded as available
emulsifying agents because of their lack of quantitative variabil-
ity; and the soaps probably possess rather little effectiveness.
This does not exclude their significance, just as it does not mean
that there may not be substances the effects of which are as yet
unknown to us, which may be discovered to act as important
emulsifying agents.
If it is a fact that definite ratios between emulsifying agents are
the principle guarantors of the fine dispersion of neutral fats in
the blood serum, and if in the genesis of xanthomas the state of
colloidal dispersion of the serum-fat is of decisive importance,
then it is to be concluded that in the serum of xanthoma patients
the emulsifying agents, because of disturbance of some regulatory
function, can no longer maintain optimal ratios and therefore no
longer effect the optimal dispersion of fat. For this reason the
serum fat in xanthoma patients would be in a coarser state of
dispersion. The breaking down of the emulsion may actually
have taken place, or the tendency towards separation may have
become so strong that a minor change may suffice to effect
separation. This would lay the basis for the development of
xanthomas.
My studies have demonstrated that the above conclusion is
permissible; for the ratio C is found to be an average of 0.57 0.4
in the fasting serum of xanthoma patients. This average value in
xanthoma patients, as well as values obtained in xanthoma cases
during or after resorption of cholesterol-oil test meals, is not only
markedly lowered as compared with the figures of normal individ-
uals, but also lies definitely below the figure which still could be
considered as normal variation. (Of course the ratio C can some-
times be higher than the above average figure.) This means that
the capacity to regulate the concentrations of emulsifying agents is
partially or completely lost in zanthoma patients.
Clinical experience and animal experiments suggest that the
liver is the organ which normally exercises this regulatory
function.
Not in every case are the known, important lipoid-emulsifying
agents affected in the same manner by this disturbance in their
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capacity for adaptation. Exactly which group has been impaired
can be discovered by the determination of the three quotients
mentioned above. The values A and B indicate a disturbance in
the ratio of emulsifying agents even if a theoretically possible,
but certainly unusual, case were observed in which these two
values, A and B, undergo an increase or decrease in the same
direction, and thus lead to an apparently normal value for C.
The results of these investigations make it justifiable, when
considering the development of xanthomas, to attach more
importance to the qualitative than to the quantitative propor-
tions of serum fats and lipoids. A preliminary theory of the
pathogenesis of xanthomas in which the metabolic disturbance
again dominates the picture can now be described as follows:
The basis of the genesis of xanthomas is a hereditary or
acquired disturbance in liver function, (liver damage caused by
disease of this organ, intoxications, endocrinologic dysfunction,
etc.). This disturbance leads to a partial or complete loss of the
regulatory mechanism, which normally creates or preserves
optimal conditions for the stable emulsification of fats in the
blood serum by regulating the concentrations of cholesterol, cho-
lesterol esters and phosphatides. In this way, regardless of
whether there exists a high, a low or a normal total lipoid and
cholesterol content, the stability of the neutral fat emulsion is
lessened according to the degree to which the important individ-
ual emulsifying agents are affected by the disturbance. Fulfill-
ment of this prerequisite is necessary for the development of
xanthomas. Even if the sole abnormality were a very marked
change in the ratio of the emulsifying agents, a de-emulsification
of the fat-water suspension and consequently, a generalized
deposition of fat, would be possible; while in case of only a partial
decrease of the emulsion's stability, this would nevertheless
necessarily result in some increase in the tendency towards
separation of the serum fat. In contradistinction to the first-
mentioned possibility—namely a marked decrease in stability—,
under the conditions of only partial decrease in stability, addi-
tional factors would appear important for the development of
xanthomas (local factors). In these cases non-specific, locally
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active forces, could influence the colloidal structure of the blood
serum or body fluids, and thus cause a separation of the disperse
phase in a fat-water suspension when this suspension (even
though by no means de-emulsifled) is nevertheless in only a
moderately stabile state.
It is quite possible that the local factors which for some time
have been known to be important in the development of xantho-
mas (e.g., congestion, inflammatory processes, sites of mechanical
traumas, various pathological skin changes, scar formations,
etc.) can play the role described. Nevertheless, it is necessary
also to consider the rOle of changes in the acid-base balance or in
the surface-active forces in the cell-membranes. The actual
nature of these locally effective factors seems, in the last analysis,
to be irrelevant for the development of xanthomas. It is im-
portant only that a change in soil is produced, which suffices to
cause further disturbance in the state of the colloidal dispersion
of the circulating fat, and thus to force the pre-existing, more
labile emulsion into de-emulsification and fat deposition.
Various cases which formerly could not be explained under the
prerequisite of a disturbance in fat metabolism (.e.g., xanthomas
in the presence of a normal total-fat content or a normal total-
cholesterol content; no xanthomas in the presence of a definite
hyperlipemia or hypercholesterolemia) can now be interpreted
in a simple way without needing the supposition of such a meta-
bolic disturbance. (Abnormal ratio between emulsifying agents
in the presence of a normal total-lipoid content or total-cholesterol
content leads to labile fat-emulsion, to facilitated deposition of fat
and thus to xanthomas; or normal adaptation of emulsifying
agents in the presence of an increased lipoid content leads to
stabile emulsion and no deposition of fat, and thus to absence of
xanthomas.)
It need only be mentioned that on the basis of these new con-
ceptions it is more easily possible to explain the very contradictory
statements about the therapeutic effect of fat-or cholesterol-poor
diets. Since these new conceptions are supported by evidence
accumulated in analysis of the metabolism of xanthoma patients,
as well as by experiments in the deliberate production of xantho-
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mas in animals, it seems possible that they may, in the future,
permit definite conclusions in regard to the rationale and effects
of dietary therapy.
FURTHER RESULTS OF ANIMAL EXPERiMENTS
In spite of the present evidence supporting the above-outlined
theory, there are some points which obviously require further
clarification. In particular it would be interesting to have a
more accurate definition of the- "liver disturbance," which pre-
sumably leads to a loss of adaptation of emulsifying agents. In
those cases in which there is definite clinical evidence of a liver
disturbance, it seems justified to assume that the particular
function in question, (i.e., the regulation of emulsifying agents)
has also been affected; however, it is conceivable that in other
cases a sole dysfunction of this particular mechanism exists in
the presence of an otherwise clinically well-functioning organ.
Furthermore, the question arises, whether the disturbance of
this particular liver function must be permanent or need be only
transitory in order to lead to the development of xanthomas.
It is also important to attempt to discover the individual sig-
nificance of each of the different factors which are known to be
in close relationship to lipoid metabolism. These questions, and
many others can now be investigated in the animal experiment.
For the factors which are known to play an important role in
the development of xanthomas in man can now be experimentally
reproduced in rabbits, when these animals are fed on a lanolin
(cholesterolester-high) diet for a considerable time.
In such experiments we soon established the fact that the addi-
tion of liver damage as produced by toluylendiamine poisoning,
arsphenamine poisoning or intensive roentgen-irradialion, tended to
promote the formation of xanthomas. However, severe liver damage
could be produced alone through the continued forcing of lanolin over a
long period of time. When these experimental procedures were
followed, characteristic xanthomatous skin changes, as well as
severe disturbances in the balance of the emulsifying agents,
developed. The skin changes appeared first in inflamed or
experimentally or physiologically irritated sites, but later became
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generalized. In all animals the liver showed pathologic changes,
including marked fatty degeneration.
When compared histologically with the lesions of xanthoma-
tosis in man, the experimental lesions in rabbits differed only in
that the intracellular fat deposition was preceded by a massive
extracellular fat deposition in the cutis, a feature which may
perhaps have been due to the particular conditions of our experi-
ments.
The experiments which have been continued in this direction
are likely to furnish the basis for further investigation; further-
more, they renew our belief in the usefulness of the animal experi-
ment in the study of these problems. The results of these
experiments, which are not yet completed and from which no
definite conclusions will be drawn as yet, can be summarized as
follows:
Four rabbits were kept on a lanolin diet in the manner previously described
(5 grams lanolin per day, mixed with rolled oats and in addition the usual fodder).
In all animals a fold in the nape of the neck was tightly fixed with a clamp. Two
animals at the same time received a daily subcutaneous injection of 70 mg. cholin-
HCI in the posterior portion of the left flank.
(It seemed that these experiments should prove interesting for two reasons:
First, because cholin is one of the constituents of lecithin, and second, because
cholin prevents fatty degeneration of the liver in rats which have been fed on a
diet rich in fats.)
The serum fat analysis which was carried out at regular intervals and the
histological examinations of the skin changes in the fold of the nape of the neck
gave the following results (for fat-analysis see Table I: the results in the two
animals not receiving cholin injections can be compared and supplemented by
the results in the two rabbits from previous experiments, which also received no
cholin, but were kept only on a lanolin diet).
Omitting the discussion of details, this compilation shows that
the lipoid content of the rabbit serum undergoes fluctuations
during the period in which the animal is on a lanolin diet and
that the lipoid content does not merely undergo a continuous
increase as long as the diet continues. Furthermore it is evident
that transitory changes in the composition of the serum fats and
lipoids occur relatively early in the experiment. The total
cholesterol and cholesterol-ester content increased rapidly in all
animals at about the 6Oth—llOth day of the experiment without
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TABLE I
1rUMDER OF ANIMAL AND
TYPE OF EXPERIMENT MENT
PATTY
ACIDS
TOTAL
CHOLES-
TEROL
PROS-
TID-P
CHOLESTEROL
Total Free
RATIO op:MtJLSITYINO
B A C
1.2 1.9 1.6
— —
3.0 2.5 11.8
5.0 0.6 0.1
8.0 1.1 0.1
4.4 1.0 0.2
600
Lanolin feeding; clamp
in fold of nape of neck
80
108
199
251
301
342
ing. %
370
220
270
140
144
95
mg. %
5.8
5.5
4.5
2.8
1.6
2.7
mg. %
178
—
70
11.4
5.3
15.7
mg. %
62
69
20
7.0
2.5
7.7
601
Lanolin feeding; clamp
in fold of nape of neck
80
108
199
251
301
342
—
450
220
260
85
160
10.5
5.8
3.9
4.6
2.5
3.4
474
—
41
33
10
20
73
45
11.4
15.0
2.7
8.4
1.8
4.3
3.8
11.3
5.1
5.5
—
2.6
1.2
2.8
1.4
3.1
—
0.6
0.3
0.3
0.3
793
Lanolin feeding; clamp
infoldofnapeofneck;
cholin-HCI subeutane-
ously
1
63
106
156
197
—
385
745
170
260
2.7
5.5
7.7
4.3
4.3
17
169
328
35
59
7.3
26.0
97
12.4
21.6
4.6
2.6
1.0
4.3
2.5
1.3
5.5
2.4
1.8
1.7
0.3
2.0
2.4
0.4
0.7
794
Lanolin feeding; clamp
infoldofnapeofneok;
cholin-HC1 subcutane-
ously
1
63
106
156
197
—
—
670
230
270
3.3
4.7
6.3
3.5
3.9
14.0
143
333
55
61
5.8
27
84
13
19
6.9
2.2
0.9
3.4
2.6
1.4
4.4
3.0
3.3
2.6
0.2
2.0
3.2
1.0
0.9
1679
(Cited from Schaaf,
1937); lanolin feeding;
clamp in fold of nape
of neck
273
488
265
>4200
3.5
3.0
27
165
—
56
—
0.7
—
2.0
—
2.9
1232
(Cited from Schaaf,
1937);lanolinfeeding;
clamp in fold of nape
of neck
307
486
669
281
5870
1430
4.2
34
14.5
37
164
900
.—
66
266
—
6.5
0.7
—
1.5
2.3
—
0.2
3.5
Average normal figures
(own investigations)
240 3.4 24 10 4.2 1.4 0.3z10.2
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the phosphatide fraction undergoing a comparable increase. At
this point the lanolin feeding apparently produces an inundation
of the blood with steroles, for which the rabbit cannot compensate
by adaptation of the emulsifying agents.
According to normal figures in the literature the value of the
ratio C is approximately 0.7 plus/minus 0.3, while on our own
analyses in rabbits C was 0.3 plus/minus 0.2. In contrast to
this on the 6Oth—liOth day of the experiment, C reached a value
of 2.0—3.0.
However, there now follows a period in which the serum fat
again undergoes a marked decrease. Apparently the rabbit tries
to defend itself against this entirely unphysiologic burden. This
attempt is successful because between the 110th and 340th day
of the experiment, in spite of continued lanolin feeding, the in-
dividual lipoid figures again fluctuate within completely normal
limits. (This fact was also demonstrated in our previous experi-
ments.) This defense mechanism is so potent that it even affects
the phosphatide fraction. Animals 600 and 601 show concen-
trations, which either lie at the lower level of the norm or even at
subnormal levels (300th day of the experiment) while the two
animals, which had received cholin do not succeed in eliminating
the blood fats to an equivalent degree.
The rabbit probably has at its disposal different means for this
defense. The first possibility for accomplishing this defense
mechanism is storage, which, however, does not seem to be the
only possibility. For example, the late occurrence as well as the
lack of cholesterol deposits in the skin during the early experi-
mental period speaks against the importance of the factor of
storage (the results in animals 793 and 794 will be discussed
later). Certainly some cholesterol etc. is stored in the fat tissue
and in the organs but probably this storage capacity is exhausted
too soon to prevent the inundation of the blood by steroles.
Another more efficient way may be at the rabbit's disposal in
the form of an effort at adapting resorption and excretion to the
newly created conditions. If this effort succeeds, and if this
additional regulatory mechanism has done its part of the work, a
liver which has not yet suffered a functional disturbance may then
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be able to cope with the normal dsmands. That such is the case
is shown by the return of the ratio C to the norm. However,
even this adaptation is of no permanent help, because at some
later date (animals 1232 and 1679) we again find an enormous
increase in serum lipoids—with insufficient adaptation of the
emulsifying agents which the organism is now unable to restore
to the norm. It seems that the adaptation mechanisms are now
exhausted and the liver remains permanently overburdened.
This stage is followed by functional hepatic disturbances and
liver damage, which diminish the original enormous functional
capacity of the liver. This impairment of normal liver function
appears to be similar to that which we arbitrarily pI'oduced in
other animals by means of toxic or other effects.
These experiments resulted in another observation of particular
significance. In animals receiving no cholin but only the lanolin
diet, in this early period no histologic abnormalities were discern-
able in the skin, with the exception of insignificant deposits of
coarse particles of fat in the cutis. This corresponds to the
findings in our previous experiments in which also the character-
istic skin lesions appeared between the 300th and 400th day of
lanolin feeding. In contrast to this the animals receiving both
lanolin feeding and cholin injections presented xanthomatous
lesions in the skin of the clamped area of the fold of the neck as
early as the 150th day of the experiment (fig. 1).
The histologic changes lay partially in the papillary body,
partially in the deep cutis and presented typical foam cells and
the finding of typical double ref racting substances. These
changes were preceded by the appearance, diffusely scattered
throughout the cutis, of cells filled with minute fat droplets,
(fig. 2) and which could be demonstrated as early as the 60th
day of the experiment. In the earlier sections taken, it could be
seen that these cells first appeared in groups about the blood
vessels. The early appearance and the lack of the preceding
enormous extracellular fat deposition in the cutis, which had been
observed in our previous experiments, tends to show that the
action of another factor must be recognized.
It cannot as yet be exactly stated as to what this acceleration
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in the formation of xanthomas is attributable, but it seems likely
that it is related to the administration of the cholin. Of course
the question must be left open, whether cholin, if it plays a role,
does not do so merely as a liver poison similar to e.g., toluylendi-
amine, phosphorus and other substances. However, our earlier
experiments, similar to those with cholin, with toluylendiamine,
did not take such a course. Although in the toluylendiamine
FIG. 1. RABBIT 793 (5 GRAMs LANOLIN DMLY PER Os AND 70 MG. OF CH0LI,c-HC1
SUBCUTANEOTJSLY)
Biopsy taken from the clamped fold in the nape of the neck on the 156th day
of the experiment. Sudan-haematoxylin. Eosin stain. Xanthoma formation
in the papillary body. Enlargement 70X.
experiments the xanthomatous changes appeared somewhat
earlier than in animals without liver poisoning, they neverthe-
less appeared later than in the animals which had received
cholin. Moreover, the type of fat deposition in the toluylendi-
amine animals was not different from that seen at a later period
in animals receiving only lanolin, while the "cholin-animals"
presented the above described and different type of deposition.
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Several other reasons make one think of an important role
which may be played by cholin in the development of xanthomas.
Possibly a characteristic disturbance in lecithin metabolism
exists (cholin is a lecithin constituent) or possibly an increase
in the blood cholin level takes place, or possibly the presence of
cholin enhances the passage of lipoids through the vessel walls
1ro. 2. RABBIT 793 (5 GRAMS LANOLIN DAILY PER Os AND 70 Mo. op CH0LIN-HC1
SUBCUTANEOUSLY)
Biopsy taken from the clamped fold in the nape of the neck on the 63rd day of
the experiment. Sudan stain. The cutis is densely packed with numerous cells,
the protoplasm of which is completely filled with minute fat droplets (the nuclei
frequently being pushed against the wall). Accumulation around the vessels.
Enlargement 70X.
and through the cell membranes in a striking manner. Further
experiments will have to clarify these questions.
When considered in conjunction with previous investigations,
these experiments again tend to show that a principle part in
the development of xanthomas is played by the loss of a particular
liver function, which in the normal organism adapts the concen-
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trations of emulsifying agents to an optimal level for the amount
of fat to be emulsified.
Other factors originating in the metabolism seem to be of
importance in the rabbit. There are indications that the dis-
turbance in liver function follows a change in the normal condi-
tions of fat resorption and excretion and that cholin has to be
adjudged a particular significance in lecithin metabolism. Fur-
ther investigations will have to prove to what degree these
supplementary factors are of general significance.
However, another question was definitely answered through
these experiments. If in man a blood analysis in the presence of
zanthomas sometimes reveals a normal serum-lipoid content, this
fact can under no circumstances be used as evidence against the
conception of a patho genetic relationship between a disturbance of
fat metabolism and the development of zanthomas. For in the pro-
duction of xanthomas, the disturbance of fats and lipoids need
not necessarily be a permanent one. After definite changes in
the serum lipoid content have taken place, in connection with
which xanthomas have developed, normal conditions can subse-
quently be restored in the blood serum (as demonstrated in
animals 793 and 794).
These findings give experimental support to Schmidt's above-
mentioned concept that the blood lipoid change need not be
permanent in order for xanthomas to appear. This point too
offers an explanation for what were thought to be contradictions
between earlier observations and shows how complicated the
conditions actually are. For without detracting in the least
from the concept of the primary significance of the disturbance
in lipoid metabolism, (abnormal ratio C) under suitable condi-
tions one can demonstrate transitory appearance of the following
seemingly paradoxical findings: (1) xanthomas, when ratio C is
normal (animals 793 and 794); (2) no xanthomas in spite of
abnormal C (animals 600 and 601).
SUMMARY
The older theories on xanthoma formation are briefly presented
and a more detailed exposition of the newer concepts of the patho-
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genesis of xanthomas, as supported by our animal experiments, is
presented as follows:
A disturbance in lipoid metabolism, caused by loss of a particu-
lar liver function (regulation of the concentrations of fat-emulsi-
fying agents) is of decisive significance. As a result of this,
there is an impairment of the colloid dispersion of fats in the blood
serum, which increases the tendency of the fats to be thrown out
of emulsion. Depending upon the degree of impairment of
dispersion, xanthomas are formed either with or without local
colloid-chemical contributory factors (in the former instance
there may be only local xanthomatosis; in the second instance
more probably generalized xanthomatosis). The possibility is
considered that this functional disturbance of the liver may be
preceded by an impaired lipoid excretion. Moreover, the pos-
sibility that the formation of xanthomatous skin changes may be
facilitated by a characteristic disturbance in lecithin metabolism
is discussed, (role of an excess of cholin).
it is shown that the metabolic disturbance, as determined by
analyses of the fat and lipoid constituents of the blood serum
does not necessarily persist after formation of xanthomas.
